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論文題目 自動車用大型ディーゼル機関の高過給化と高圧縮比化による熱効率向上 
（英 訳） Improvement of Thermal Efficiency of a Heavy Duty Diesel Engine for 
Vehicles by Means of Higher Boost Pressure and Higher Compression Ratio 
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The thermal efficiency of Diesel engines for commercial vehicles is higher than that 
of gasoline engines. Therefore carbon dioxide emission from Diesel engines is lower 
than that of gasoline engine, but NOx causing acid rain and photochemical oxidant 
and PM (Particulate Matter) influencing sickness of the respiratory organ are emitted. 
In order to reduce these emissions, various methods have been studied. It is well 
known that E.G.R. (Exhaust Gas Recirculation) and supercharging are effective to 
reduce NOx and PM, respectively. 
In order to reduce fuel consumption and CO2, improvement of thermal efficiency and 
increase of expansion work are important. Moreover, reduction of running speed with 
increasing load is also effective the thermal efficiency, since it decreases the loss of 
friction and pumping.  
 In this study, to achieve lower level of exhaust emissions and lower fuel 
consumption, in a diesel engine  a newly developed EGR system with the combination 
of high-pressure-loop and low-pressure-loop was applied to realize higher EGR rate, 
two-stage turbocharging system was also applied to obtain  higher boost pressure, 
and pistons with higher compression ratio was installed. 
 In this two-stage turbocharging system, small turbocharger was added to 
conventional single turbocharging system, to be available high load operation in low 
engine speed for improvement of fuel consumption. By using numerical simulation and 
experiment, higher boosting was obtained in low engine speed when changing size of 
large turbocharger to vary fuel consumption and boosting condition. 
A diesel engine was equipped with high boosting system was installed pistons with 
higher compression ratio to improve fuel consumption. Combustion chamber is 
toroidal shape. Higher compression ratio was obtained with remaining diameter and 
decreasing depth of chamber. Improvement of fuel consumption was not obtained.  
Peak firing pressure increased to permission cylinder pressure, Start of combustion 
was delayed. 
For Improvement of fuel consumption, not only higher compression ratio but also 
combustion in around top dead center is necessary. Higher compression ratio and 
restraint of peak firing pressure must be satisfied  
To satisfy higher compression and restraint of peak firing pressure, control of 
compression ratio is necessary, by changing of intake valve closure timing, effective 
compression ratio is controlled. There are two measures of changing intake valve 
closure. One is E.I.V.C. (Early Intake Valve Closure), other one is L.I.V.C. (Late Intake 
Valve Closure). In this case, diesel engine for a vehicle requires enough in-cylinder gas 
to get lean combustion, so LIVC was selected for broad engine speed. 
By using LIVC, effective compression ratio was released, and improvement of the 
fuel consumption was obtained in higher compression ratio because compression ratio 
was released and start of combustion was the same timing as conventional 
compression ratio. According to the experimental results, smoke level of piston with 
higher compression ratio was higher than that of conventional piston in same NOx 
condition in spite of Intake valve close timing,. 
Smoke emission is strongly depends on boosting condition, but there is not 
significant difference between both of them. It was suggested that shapes of 
combustion chamber cause difference of smoke emissions. Fuel spray and gas flow in 
cavity were studied by means of 3D numerical simulations. As the results, in chamber 
of higher compression ratio, that is remaining of diameter and changing of depth, 
there are two problems. First problem is decreasing in-cavity flow motion caused by 
interaction between spray and burned gas, second problem is remaining local area of 
high equivalence ratio by decreasing in-cavity gas flow motion. 
In order to solve problems, two alternative chamber shapes were studied by means of 
3-D numerical simulation. One is a re-entrant cavity that has small cavity diameter 
and deep cavity depth to increase of in-cavity flow motion. Another is a shallow dish 
that has large cavity diameter to avoid interaction between fuel spray and burned gas. 
In the case of re-entrant, it is verified that local areas of high equivalence ratio move 
to the outside of cavity by strong in-cavity flow motion. Re-entrant cavity has 
possibility of interaction between fuel spray and burned gas at high load region in the 
same of toroidal cavity, because duration of fuel injection becomes longer. The other 
hands, shallow dish cavity dismiss possibility of interaction between fuel spray and 
burned gas, though local areas of high equivalence ratio are little, local area of high 
equivalence ratio stayed in cavity at end of combustion cycle because in-cavity flow 
motion is low. But Shallow dish is different from re-entrant and toroidal cavity at high 
load region, interaction between fuel spray and burned gas is not easily occurred. 
Then shallow dish cavity suggests the possibility to improve the exhaust emissions by 
causing dilution of high equivalence region at the end of combustion. To quickly dilute 
high equivalence region, shallow dish cavity was modified so as to reduce volume of 
bottom and confirmed by numerically and experimentally. 
As the result, modified shallow dish cavity can achieve improvement of smoke 
emission and thermal efficiency, because of reducing duration of heat releasing. 
 
 
